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It  if*  generally  agreed  by  recent  inveatigatoni  (1)  that  adrenalin 
"auHM  dilatation  of  the  blood  veHMb  in  certain  parta  of  the  organ- 
iem.  It  has  been  found  from  experimenta  carried  out  in  this  lab- 
oratory that  this  dilaUtion  is  caused,  at  least  in  part,  by  the 
action  upon  sympathetic  and  dorsal  root  ganglia  (2).  It  may 
al>«>  be  caused  as  shown  by  Gruber  (3)  and  confirmed  by  us  (4) 
that  the  dilatation  may  result  from  the  stimulation  of  some 
peripheral  tissue,  perhaps  myoneural  junctions  of  dilator  fibres. 
It  is  not  possible  to  say  which  ia  more  important  in  producing 
dilatation  normally,  the  "gangliar"  mechanism  or  the  myo- 
neural junction.  In  some  animals  the  same  amount  of  dilata- 
tion has  been  obtained  by  the  action  of  adrenalin  upon  the 
gangliar  portion  of  the  mechanism  alone  (limb  perfused,  adrena- 
lin injected  into  the  jugular  vein)  as  occurred  from  the  injection 
of  the  same  quantity  when  the  circulation  was  intact  (4). 

Cats  and  dogs  have  been  used  principally  for  adrenalin  ex- 
periments, but  work  recently  published  from  this  laboratory  (6) 
has  shown  this  reaction  to  be  common  to  Marpupials,  Ungulates, 
and  Primates,  Rodents  being  an  exception.  Therefore  physi- 
ologists can  no  longer  dismiss  adrenalin  vasodilatation  as  an 
interesting  exception. 

A  careful  study  has  been  made  of  the  "gangliar-terminal" 
action  in  the  hind  Umb  (4),  but  in  many  other  organs  this  has 
not  been  done.  It  is  the  purpose  of  this  and  succeeding 
researches  to  make  a  further  study  of  this  question  in  various 
organs.     The  present  paper  is  confined  to  the  spleen. 
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MRTNOM 

Volume  chkiiKM  in  thi>  wpteen  wero  rrronli^l  by  encliMiinK  th«> 
orxan  in  m  rittA  iM^irha  oriromrtpr  r<>nnf>rtr«l  to  m  (n>IIown  of  llu- 
HriKlie  typi".  'Hii*  flrxibli»  part  of  thp  latter  wmi  nuwle  of  rubixT 
cut  from  a  rondom.  Thin  wan  fajitened  to  the  inlge  of  the  In>IIow« 
baM<  and  top  with  thin  ghie  rxcfpt  at  thr  Imrk  where  the  hingp 
in  located,  and  where  the  overlap  occum  ruhlM»r  cement  nuwt  l)e 
uned,  becaune  the  glue  when  dry  HtifTena  the  ruhl)er.  Formerly 
rubber  cement  wan  uned  throughout,  but  the  curling  which  it 
causes  renders  the  bellown  very  difficult  to  make.  The  lever 
for  the  writing  point  wa«  attached  at  right  angles  to  the  top  of 
the  bellows. 

The  ner\'e8  and  blood  vessels  were  carefully  freed  from  fat  and 
connective  tissue  and  then  grouped  so  as  to  form  a  double  stntk. 
In  many  casea  it  was  jHMsible  to  do  this  without  tying  any  bliHHl 
vessels.  The  spleen  was  placed  in  a  double-nocked  oncometer 
(le)  which  was  covered  with  a  glass  plate  connected  to  the 
transmission  tube. 

For  perfusion  we  used  one  of  the  large  arteries  which  supplii»d 
about  one-half  of  the  spleen,  the  remaining  arteries  being  tied 
olT.  Warmed  oxygenated  Ringer's  solution  was  perfused  under 
a  constant  pressure  produced  by  compressed  air.  The  tem- 
perature and  pressure  of  the  perfusion  fluid  were  registered  at  the 
entrance  to  the  cannula. 

Ether  was  used  as  the  anaesthetic.  Adrenalin  solutions  were 
made  by  diluting  Parke,  Davi.s  and  C'ompany's  adnmalin  chloride 
solution  with  distilled  water. 


RESULTH 

In  an  earlier  research  (le)  we  made  a  careful  study  of  the  nor- 
mal spleen  in  its  reaction  to  adrenalin  injected  intravenously: 
seven  dogs  gave  nothing  but  constriction,  while  three  others 
responded  by  dilatation  or  dilatation  and  constriction.  There 
seemed  to  be  some  question  as  to  the  occurrence  of  active  dila- 
tation in  the  spleen,  becau.se  in  two  of  the  animals,  the  dilata- 
tion preceded  the  constriction  and  therefore  might  be  a  passive 
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rffm>t  liuf  to  ruimtrirtitiii  tilM<«Uor«.  IhUuUnit  followmi  roit- 
Ntri'-tiuti  in  imly  ima  «pl«wi  Mwi  that  wm  after  •  UrK**  <!•««  nf 
ft(lr»>iiiklii) 

Wi<  tiitN«-  ■tuiliKd  fimr  it<ore  iwiniuU  i^»mm,  two  of  thi*  «!<»«. 
twit  of  th<'  riti,  nil  but  one  cm*  |»vr>  diUtfttion  with  aitine  (tow  nf 
•tlrriMliii  In  thiN  aninuU  (2.A  kfpn.)  no  diUUitkin  could  Im- 
Mvumi  from  a  nutfe  of  duMM  Ntarting  with  0.1  oe.,  I:  lOO.iNNi 
•drrnaliti  »ii«l  nmning  m  high  m  0.5  w..  I:  10,(yM),  howfvir 
ftfti>r  many  of  the  inieetimu  th«  MupUtude  of  the  eplrnic  wave* 


I'lU.  3.   WaVK*    PhoOVOID    IM    a  QOIMOWIT   flFUI«M    BT    TWI    IliiC<-TIUH  ot  ^ 

PmRMOii  Do**  or  ABBaMAUir,  OS  oc.,  1: 10,000.    Cav  IS  bom. 

wa»  increaaed,  althoMgb  the  imUal  effect  might  be  a  partial  in- 
hibition of  the  wavaa.  Again  the  aplenio  wavea  might  be  pra«-- 
tically  abMnt  until  adrenalin  wa«  injected,  after  which  they 
became  very  marked  (fig.  1).  Evui  {Hvaaor  doMi  produced  » 
■imilar  effect  (fig.  2). 

In  a  second  cat  (3.7  kgm.)  slight  dilatation  idways  precedc<l 
the  con»triction  which  in  many  caaen  was  followed  by  wave». 
Small  doBes  such  as  0.1  cc,  to  0.5  cc,  1:10,000,000  caumnl 
dilatation  only. 

Although  dilatation  usually  preceded  constriction  in  the  two 
dogM,  il  occaaionolly  followed  the  constriction  iu  one  animal. 
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tt  MmiMHl  poMiN*  that  diUutton  of  th«  »pkwn  m  in  Uif  in- 
tifttec  might  h«  rauMd  by  atimuktkm  of  th«  gangiiA  Mipplyttic 
it.  In  onier  to  And  out  whether  atruetunM  not  lumiiHl  in  thr 
■plMD,  couid  be  th«  (tnuM  «rf  th*  diUt«tion,  wr  ticl  dl  erf  thi' 
bteod  vcflMb,  Mtd  th«»  perfuMd  •  pwtlon  of  it  through  one  of 
lh«  Urgwt  nrtcriM,  tb«  outflow  biting  tnm  •  v»in  which  h«i 
\)*m  cut  open.  Cirent  cnre  wm  tnken  to  (inMrrve  the  nervr 
wpply.  In  thie  wny  the  «ff«et«  oT  ndnmnlin  cMild  bt  abmrw 
either  eolely  upon  •tructuree  in  the  Npleen  by  Injection  lnU>  thr 
perfuabn  fluid  or  upon  structuree  located  outwde  of  the  eplert 
by  injection  into  the  ipmend  cireulaticm. 

We  perfuaed  three  tpleenx.  The  ftnt  belonged  to  a  dog 
wdgMng  32  kgm.  and  gave  the  (oUowinff  reepmuiw; 


MM 

pk*n  m  nummmm 

tMumtamf 
waaia  »m  oa 

mamtmf 

aawnaaa  oa  Ma  •at.aa* 

I0M.I:      100,000 

Jttgvbur  rain 

UO-liO^lM 

DilatallM 

IOm.1:      100,000 

JugulM  vain 

177  IIUKIM 

DiiaUtio* 

S  0  M.  1 :       100.000 

Ju(uiar  v»m 

INM^  l(H-IIH 

Markad  dllatatioa 

1  0  e«.  t :        tO.OOO 

Jugular  vain 

iNKilU-iaHl 

Markad  dilatation 

O'iM.  1:    1,000,000 

Through  parfuaion 

.Nona 

('onatrielioa,   vary 

Ruid 

markad 

0  t  n.  1:   1,000,000 

Through  parfuciun 
fluid 

Nona 

CooatHetion,  markad 

0  1  M.  1:10,000,000 

Through  parfuaion 
flttld 

Nona 

Noaffact 

The  pofused  qdeen  <^  Uiia  animal  dilated  with  every  doee  of 
ftdrenalin  injected  into  the  jugular  vein  (fig.  3),  but  oonatricted 
with  eaeh  injection  into  the  perfuaion  fluid  (fig.  4).  The  latter 
waa  injected  into  the  fluid  juit  before  it  entered  the  cannula. 
The  jnreHure  for  perfuaion  waa  46  mm.  of  mercury  while  the 
temperature  wae  33.4'*C. 

The  second  epleen  did  not  seem  to  be  responding  very  well  and 
»o  ffffect  could  be  obtained  except  a  «light  constriction  when 
adrenalin  was  introduced  into  the  general  circulation. 

The  third  perfuned  Hpleen,  belonging  to  a  dog  weighing  10 
Itgni.,  dilated  considerably  with  the  d(wes  of  adrenalin  injected 
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Fia.  3.  DiUATATiON  OF  A  PaarDSED  Splxex  fbou  tbb  Injbction  op  5.0  cc. 
1 :  100,000  Admnalin  into  thc  Juoulab  Vein.    Doo  22  kom. 


Fia.  4.  CoNBTRicTioN  or  a  Perfcseo  Spleen  pkom  the  Injection  or  0.1  cc, 
1:  1,000,000  Adbenalin  i.nto  the  PERrnsiov  Fluid.    Doo  22  soil. 
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into  the  jugular  vein,  0.5  cc,  1 :  100,000  to  0.5  cc,  1 :  10,000. 
These  doses  were  depre«Mor  in  their  effect  upon  the  blood  pres- 
Hure.  When  adrenalin  was  injected  into  the  perfusion  fluid, 
ponBtriction  was  followed  by  dilatation  (fig.  5).  This  was  true 
even  with  a  relatively  large  dose,  0.2  cc.  1 :  100,000.  The  dil*. 
tation,  however,  was  not  as  marked  as  that  produced  from  the 
mechanisms  outside  of  the  spleen. 


Fia.  a.  CoNBTSicnoN  Followbd  bt  Dilatation,  Pboduced  bt  thb  Injectio.v 
or  Adrenalin  into  the  PsKruBioN  Fluid  Entcbino  a  PERrnsiD  Sflkbn. 

Firet  injeotion  0.2  cc,  1: 1,000,000;  second  injection,  0.2  cc,  1 :  100,000.  Doc 
10  kgm. 

In  order  to  determine  whether  the  semilunar  ganglion  con- 
tained mechanisms  which  might  cause  dilatation  of  the  spleen 
through  the  action  of  adrenalin,  direct  application  of  adrenalin 
to  this  ganglion  was  tried  while  the  spleen  was  in  an  oncometer 
with  its  circulation  intact.  If  no  changes  in  blood  pressure 
occurred  during  the  experiment  we  were  justified  in  assuming 
that  adrenalin  was  not  passing  into  the  blood  stream  and  there- 
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fore  could  produce  its  eflfect  only  by  gangliar  action.     Absorption 
was  facilitated  by  slitting  the  surface  of  the  ganglion. 

The  spleen  of  a  cat  was  studied  by  this  method.  Solutions  of 
1 :  100,000  were  twice  applied  without  changing  the  blood  pres- 
sure,  but  in  each  instance  causing  dilatation  of  the  spleen.  A 
third  application  of  a  stronger  solution  caused  a  very  marked 
dilatation  (fig.  6). 


^O.   6.    DikATATION    or  THB   8PI.EBN    CAUSED  BY   THE   DiRECT   APFLICATION   OF 

1:10,000  Adrenalin  to  the  SemilcnaK  Ganqmon.    Cat. 

This  experiment  therefore  demonstrates  that  the  semilunar 
ganglion  is  one  location  of  the  adrenalin  dilator  mechanism  of 
the  spleen. 

We  also  studied  the  effect  of  adrenalin  upon  the  spleen  through 
action  upon  the  ganglia  of  the  dorsal  nerve  roots.  These  ganglia 
Were  exjiosed  and  painted  with  solutions  of  adrenalin  after 
cutting  the  connections  with  the  spinal  cord.  In  some  instances 
the  ganglia  were  split  open  to  facilitate  absorption.  Blood 
pressure  records  were  taken  at  the  same  time.  Care  must  be 
taken  not  to  stimulate  the  ganglia  mechanically,  for  sometimes 
that  will  cause  splenic  volume  changes.  The  twelfth  and  thir- 
teenth thoracic  ganglia  on  the  left  side  were  almost  always  used. 
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Five  cats  were  studied.  AU  showed  some  response  to  adrena- 
lin applied  to  the  above  ganglia,  although  in  some  instances  only 
one  response  could  be  obtained  from  a  single  ganglion,  a  new 
ganglion  being  required  in  that  case  to  secure  a  repetition  of  the 
response.  The  volume  changes  are  usually  slow  in  occurring 
and  likewise  slow  in  disappearing  unless  the  ganglion  is  washed 
to  remove  the  adrenalin. 

One  aninud  responded  by  dilatation  only  with  concentrations 
of  1: 10,000  and  1 :  1000;  weaker  solutions  were  not  tried. 

Three  of  them  gave  dilatation  sometimes  and  constriction  at 
other  times,  there  being  no  regularity  in  the  occurrence  of  either. 

The  fifth  cat  was  interesting  in  that  adrenalin  applied  to  the 
ganglia  in  question,  caused  waves  in  the  spleen  if  it  wpre  quies- 
cent, or  increased  the  amplitude  of  the  waves  if  they  were  already 
present. 

We  would  conclude  from  our  observations  that  both  constrictor 
and  dilator  mechanisms  for  the  spleen  are  present  in  the  dorsal 
root  ganglia.    We  cannot  say  which  predominates. 


DISCUSSION 

Oliver  and  Schafer  (6)  were  the  first  to  study  the  action  of 
adrenalin  (aa.'enal  extract)  upon  the  spleen.  In  no  cases  did 
they  obtain  a  dilatation  except  "a  very  slight  preliminary  ex- 
pansion," probably  caused  by  the  increased  heart's  action.  A 
later  paper  by  Sch&fer  and  Moore  (7)  added  to  this  observation 
that  the  after  effect  of  the  injection  was  to  increase  the  extent  of 
the  normal  rhythmic  movements.  WTien  injected  into  a  per- 
fused spleen  a  strong  contraction  was  obtained 
IfBardier  and  Frgnkel  (8)  obtained  dilatation  from  macerated 
adrenals.  Others  (9)  speak  only  of  contraction  of  the  spleen 
from  adrenalin. 

Recently  Hoskins  and  Gunning  (Ic)  and  Hartman  and  Mc- 
Phedran  (le)  have  observed  mainly  constriction  from  adrenalin 
in  the  spleen.  The  former  speak  of  a  brief  dilatation  followed  by 
contraction.  They  occasionally  obtained  an  active  dilatation 
following  the  constriction. 
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Our  experimentfl  have  proven  that  dilatation  from  adrenalin 
can  be  obtained  by  action  upon  Rtructuren  in  the  semilunar 
ganglion,  and  the  dorsal  root  ganglia  as  well  as  by  action  upon 
structures  in  the  spleen.  In  this  respect  the  adrenalin  dilator 
mechanism  of  the  spleen  is  similar  to  that  of  skeletal  muscle 
(as  hh"vn  by  the  hind  limb,  4). 

There  ^an  now  be  no  doubt  that  adrenalin  produces  activ»> 
dilatation  of  the  spleen.  Judging  from  our  experiments  th(! 
gangliar  mechanism  gives  the  dilator  effects  more  easily  than 
does  the  peripheral  mechanism.  That  may  be  due  to  a  partial 
masking  of  the  dilator  mechanism  by  the  conatrictor  mechanism 
in  the  latter  region. 

In  regard  to  the  peripheral  effect  there  seems  to  be  a  distinct 
difference  between  the  limb  reaction  and  that  of  the  spleen.  In 
the  perfused  limb  small  amounts  of  adrenalin  injected  into  the 
perfusion  fluid  cause  pure  dilatation,  larger  amounts  may  cause 
dilatation  followed  by  constriction,  while  very  large  doses  may 
cause  pure  constriction.  On  the  other  hand  in  the  perfused 
spleen  if  dilatation  is  obtainable  from  adrenalin  injected  into  the 
perfusion  fluid,  it  follows  constriction,  at  least  in  our  experience. 

StmXART 

1.  Dilatation  of  the  spleen  is  caused  by  the  action  of  adrenalin 
upon  the  twelfth  and  thirteenth  dorsal  root  ganglia,  the  semi- 
lunar ganglion  or  upon  some  terminal  structure  in  the  spleen 
itself. 

2.  Constriction  from  adrenalin  can  result  from  the  response 
of  a  mechanism  in  the  dorsal  root  B«».ngH<^.  or  from  a  struoture  in 
the  spleen. 
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